We consider cosmological consequences of a conformal invariant formulation of Einstein's General Relativity where the scale factor of the spatial metrics in the action functional gets replaced by the massless scalar (dilaton) field. The dilaton scales all masses including the Planck mass. Instead of the expansion of the universe we get the Hoyle-Narlikar type of mass evolution, where the temperature history of the universe is replaced by the mass history. We show that this conformal invariant cosmological model gives a satisfactory description of the new supernova Ia data for the luminosity distance-redshift relation without a cosmological constant and make a prediction for the behavior at z > 1 which deviates from that of standard cosmology.
Introduction
The recent data for the luminosity-redshift relation obtained by the supernova cosmology project (SCP) [1] point to an accelerated expansion of the universe within the standard FRW cosmological model. Since the fluctuations of the microwave background radiation [2] provide evidence for a flat universe a finite value of the cosmological constant Λ has been introduced which raises the cosmic coincidence (or fine-tuning) problem [3] .
The present paper is devoted to an alternative description the new cosmological supernova data without a Λ-term as evidence for Weyl's geometry of similarity [4] , where Einstein's theory takes the form of the conformal invariant theory of a massless scalar field [5] [6] [7] [8] [9] .
As it has been shown by Weyl [4] already in 1918, conformal-invariant theories correspond to the relative standard of measurement of a conformal-invariant ratio of two intervals, given in the geometry of similarity 1 as a manifold of Riemannian geometries connected by conformal transformations. This ratio depends on nine components of the metrics whereas the tenth component became the scalar dilaton field that can not be removed by the choice of gauge. In the current literature [10, 11] ( where the dilaton action is the basis of some speculations on the unification of Einstein's gravity with the Standard Model of electroweak and strong interactions including modern theories of supergravity) this peculiarity of the conformal-invariant version of Einstein's dynamics has been overlooked.
The energy constraint converts this dilaton into a time-like classical evolution parameter which scales all masses including the Planck-mass. In the conformal cosmology, the evolution of the value of the massless dilaton field (in the homogeneous approximation) corresponds to that of the scale factor in standard cosmology. Thus, the conformal cosmology is a field version of the Hoyle-Narlikar cosmology [12] , where the redshift reflects the change of the atomic energy levels in the evolution process of the elementary particle masses determined by that of the scalar dilaton field [8, 12] . The conformal cosmology describes the evolution in the conformal time, which has a dynamics different from that of the standard Friedmann model.
In the present paper we will discuss as an observational argument in favour of the conformal cosmology scenario that the Hubble diagram (luminosityredshift-relation: m(z)) including the recent SCP data [1] at z ∼ 1 can be described without a cosmological constant.
Conformal-invariant General Relativity
We consider the conformal invariant action of a massless scalar field with the negative sign [5] 
1 The geometry of similarity is characterized by a measure of changing the length of a vector in its parallel transport. In the considered dilaton case, it is the gradient of the dilaton. In the following, we call the scalar conformal-invariant theory the conformal general relativity (CGR) to distinguish it from the original Weyl [4] theory where the measure of changing the length of a vector in its parallel transport is a vector field (that leads to the defect of the physical ambiguity of the arrow of time pointed out by Einstein in his comment to Weyl's paper [4] ).
This action determines the dynamics of all metric fields g µν , Φ of the space with the geometry of similarity where measurable intervals are defined as the ratio of two Riemannian intervals at the same point (one of these intervals is the standard of measurement). The action for the matter fields is chosen in the form of the conformal invariant part of the Standard Model (SM) action
where L SM (Φ=0) is the SM Lagrangian in the massless limit and the last two terms are the mass contributions to the Lagrangians of the vector (v) and spinor (ψ) fields, respectivetly with (y v ) ij , and (y s ) αβ being the mass matrices of vector bosons and fermions coupled to the dilaton field. The total action is sum of the dilaton action and the matter action
The class of theories of the type (3) includes the superconformal theories with supergravity [11] and the standard model with a massless Higgs field [8] as the mass term would violate the conformal symmetry.
The considered theory has a large group of symmetry including general coordinate and conformal transformations. The main problem of its dynamic description is to exclude unphysical degrees of freedom. The conformal symmetry allows us to remove the scale factor of the spatial metrics which results in a conformal -invariant measurable interval in the CGR depending on nine components of metrics. To exclude this component, we use the Lichnerowicz conformal-invariant variables defined as
where (n) F is a set of fields with a conformal weight (n) including the metric g µν with
with the lapse function N L (t, x), three shift vectors N i (t, x), and five space components (3) g L ij (t, x) depending on the coordinate time t and the space coordinates x.
Einstein's theory is obtained by replacing the Lichnerowicz dilaton scalar field Φ L with the scale factor which forms the tenth component of metric
Ten metric components can be measured only in the Riemannian geometry with the absolute interval ds 2 = g µν dx µ dx ν . This interval is not compatible with the Weyl geometry, where the metric interval depends on only nine components.
The cosmological applications of conforma gravity are based onl perturbation theory [9] that begins from the homogeneous approximation for the dilaton and the metrics
the conformal -invariant reads
This perturbation theory keeps the main symmetry of all metric gravitation theories: the invariance with respect to reparametrizations of the coordinate time t →t =t(t). Just this invariance leads to the energy constraint defined by the vanishing variation of the action with respect to the global lapse function N 0 (t). The energy constraint connects the energy of the dilaton with the total energy of all fields in the universe and converts it into the evolution parameter of the history of the universe.
The substitution of the ansatz (7) into the action (3) leads to the action of free fields in terms physical variables [9] 
where V 0 is a finite spatial volume, L M is the conventional Lagrangian of free massive vector, and spinor fields, where the role of the masses is played by the homogeneous dilaton field ϕ multiplied by dimensionless constants y f representing the mass spectrum, where f labels the particle species. L R is the Lagrangian of massless fields (photons γ) with y γ = 0, and
is the Lagrangian of the gravitons (h ii = 0; ∂ j h ji = 0) as weak transverse excitations of spatial metric (the last two equations follow from the unit determinant of the three-dimensional metric and from the momentum constraint [9] ). Everywhere the derivation with respect to the coordinate time t is accompanied by the lapse function N 0 like in (9).
Conformal cosmic evolution
The variation of the action with respect to the homogeneous lapse-function N 0 yields the energy constraint,
is the Hamiltonian function of all field excitations with positive energy and the prime denotes the derivative with respect to the conformal time η. This Hamiltonian (and the corresponding density) can be diagonalized with the well-known result
where
is the expectation value of the number of particles for the physical states < | and | >, to be determined by the cosmic conditions. data. The diagonalization of the cosmological observable (11) is achieved by the introduction of the representation of particles as holomorphic field variables
where ω f (ϕ, k) = k 2 + y 2 f ϕ 2 are the one-particle energies for the particle species f = h, γ, v, s with the dimensionless mass parameters y f and the coefficients are C h (ϕ) = ϕ √ 12 and C (f =γ,v,s) (ϕ) = 1.
This definition of particles (12) excludes from the action the vertices of the dilaton -matter coupling which can restore the Higgs-type potential in the perturbation theory by the Coleman-Weinberg summation of the perturbation series. In particular, if we exclude from the very beginning the λφ 4 term from the initial action in order to remove a tremendous vacuum density, this term could not be restored by the perturbation series. Therefore, we suppose in the following that λ = 0.
Exact solutions of the reparametrization -invariant equations of motion corresponding to the considered action have been obtained by a Bogoliubov transformation [9] . At the beginning of the Universe, in the state of the Bogoliubov (i.e. squeezed) vacuum of quasiparticles, the density of measurable gravitons was given in the form
where ϕ b = ϕ(η = 0) is an initial value. The first term corresponds to the well-known anisotropic (Kasner) stage. The second term stands for the spontaneous appearance of a negative curvature, which describes the inflation-like exp(η/η 0 ) increase in the cosmic scale factor [9] with respect to the conformal time measured by an observer with the relative standard (7) . At the beginning of a universe, the Bogoliubov quasiparticles strongly differ from the measurable particles until the Hubble parameter would be greater than the one-particle energies. This condition delimits the era of intensive creation of massive particles by the squeezed vacuum. At the present-day stage, the Bogoliubov quasiparticles coincide with the measurable particles, so that the measurable energy density of matter in the universe is a sum of the relativistic energies of all particles in it (with the conserved number of particles N ϕ,k ). The wave-function of the Universe Ψ univ. is then nothing else but the product of oscillator wave-functions Ψ univ. = Ψ part. = exp(ıT k 2 n + y 2 f ϕ 2 ). Neglecting masses in (11), we get the conformal version of the radiation stage,
for an observer with the relative standard. Neglecting momenta (k n = 0), we get the conformal version of the dust stage
where y b ∼ 10 −19 and n b is the baryon number density.
The conformal cosmology in the homogeneous approximation to CGR considered above provides definite solutions to the problems of standard cosmology. In CGR, we have no the Higgs potential, and no the problems with monopoles, domain walls, and Λ-terms. The Minkowski flat space (7) has no the horizon problem. The problems of the Planck age also do not exist as the Planck mass is not fundamental parameter of the theory, but only the ordinary present-day value of the dilaton field [8] .
Luminosity redshift relation
Let us establish the correspondence between the standard cosmology (SC) and the conformal cosmology (CC) determined by the evolution of the dilaton (10) where the time η, the density ρ(ϕ) and the Hubble parameter H = ϕ ′ /ϕ are treated as measurable quantities. The relation between these parameters
follows from (10) and determines the present day value of the dilaton field in the region far from heavy bodies. This present day value coincides with the Planck mass (see (5)) which determines the scale of all masses in the theory.
Let us introduce the standard cosmological definition of the redshift and density parameter
Then the equation (10) together with equations (13 -15) takes the form
We can compare this conformal evolution law (18) with the similar one of the standard (s) cosmology
These formulae allow us to establish the correspondence between the z-evolution in the conformal cosmology and in the standard one. One observes that anisotropy, radiation, and curvature terms in the conformal model (19) formally correspond to radiation, curvature and Λ-terms in the standard cosmology (21) respectivetly, by their z-dependence. The matter terms are crucial in the era of matter dominance, where different predictions of conformal and standard cosmologies result. A light ray traces a null geodesic, i.e., a path for which (ds) 2 c = 0. Thus, a light ray coming to us satisfies the equation dr/dη = 1 . As result we obtain
Integration of this equation determines the co-ordinate distance as a function of z:
The equation (23) coincides with the similar relation between coordinate distance and redshift in SC.
In SC the "luminosity distance" ℓ s , is defined so that the apparent luminosity of any object goes like 1/ℓ 2 f . Therefore, in Standard Cosmology we have
which in particular for the dust case with Ω = Ω M = 1 reads
In the CC the physical distance to a certain object can be defined in various ways. If we suggest that all measurable quantities in CC are connected with the ones in SC by conformal transformations (20) of the type of dt = a(η)dη, we obtain the relation
In Fig. 1 we compare the results of the SC and CC for the effective magnituderedshift relation : m(z) = 5 log [H 0 ℓ(z)] + M , where M is a constant, with recent experimental data for distant supernovae.
Conclusion
We have considered the point of view according to which the new supernova data can be interpreted as evidence for a new type of geometry in Einstein's . An optimal fit to these data within the SC requires a cosmological constant Ω Λ = 0.7, whereas in the CC presented here no cosmological constant is needed.
theory rather then a new type of matter. This geometry corresponds to relative standard of measurement and to conformal cosmology. In the conformal cosmology, the massless dilaton field scales all masses and plays the role which the cosmic scale factor played in the standard cosmology. The exact solution of the equations with the infrared dilaton-elementary particle interaction leads to the phenomena of creation of observable particles and the evolution of all masses which are the conformal analogue of the evolution of scale factor in the standard model. We have defined the cosmological parameters in the conformal cosmology, and we have found that our result for the mass in the dust stage is in agreement with the present observational data which are in the standard cosmology interpreted as accelerated expansion of the universe. We make a prediction for the behaviour at z > 1 which drastically deviates from that of the standard FRW cosmology with a Λ -term. We suggest this as a test which could discriminate between alternative cosmologies when new data at higher redshift will be obtained in near future.
